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INTRODUCTION
Plant transpiration modifies climatic conditions at the land surface and in the soil during the vegetative season (Eagelson, 1978 (Eagelson, , 2002 Kabat et al., 2004; Pokorný, 2001) . In mountainous areas of Central Europe transpiration recycles about 50% of the rainwater during the vegetative season. Evaporative cooling induced by transpiration reduces the maximum plant surface temperature by about 15 ºC on a hot and dry day (Novák, Havrila, 2006) .
Water exchange between the soil and plants is driven by heat from solar radiation, which, in combination with the air temperature, is the cause of plant heating. The plants protect themselves against heating up over a certain temperature by transpiration (Larcher, 2003) . In this way, heat input is divided into two parts -latent heat (used for water vaporisation) and sensible heat. Sensible heat irradiated from plant cover is the dominant cause of heating of the lower atmosphere layer and the nearsurface soil horizon. Water for transpiration is imbibed from the soil root zone. In cases of water scarcity, transpiration ceases, the plants do not cool (the latent heat is equal to zero), and therefore, the plant cover, atmosphere, and soil are overheated by solar radiation. This relation between plant transpiration, soil water and income of solar energy is central to the co-evolution of plants, soil cover and climate (Kleidon, 2006) .
The data describing the coupling between soil water tension (tensiometric pressure), transpiration, and temperature in cold climatic conditions can be summarised as follows: (1) plant temperature does not rise above the maximum temperature (about 25 ºC) if there is enough water for plant transpiration, (2) on sunny days, scarcity of water for plant transpiration results in an increase in plant temperature to about 35 ºC and air temperature to about 30 ºC, and (3) the limiting value of tensiometric pressure, below which water uptake for plant transpiration is impossible, is -60 kPa for grass, dwarf pine and the Norway spruce stand in the course of the vegetation season (Tesař et al., 2004) .
Between 1992-2000, large areas in the National Park of the Šumava Mts. were deforested due to attack by bark beetle. These areas are located in extremely severe natural conditions. The natural regeneration of the forest is currently in progress. The influence of deforestation and recurrent afforestation on the hydrologic and climatic conditions is being studied. The air temperature (5 and 200 cm above the soil surface), the soil temperature (15 and 60 cm below the soil surface), precipitation and runoff are continuously measured in three stands differing in vegetation cover: clearing covered by herbs, mature spruce forest, and dead spruce forest with a herb undergrowth. One study (Tesař et al., 2006) concluded that in conditions with sufficient soil moisture to prevent any reduction in plant transpiration: (1) both soil and air temperature are influenced by plant cover, (2) the extremes in daily and night-time air temperatures are a function of transpiring vegetation height on hot and dry days, with higher daily maximums and lower night-time minimums for areas with lower vegetation, (3) over the entire growing season, the mean air temperature was independent of plant cover, but the magnitude of the dispersion variance was ranked in ascending order: mature forest -clearing -dead forest.
The aim of this study is to demonstrate how different plant cover modifies temperature at the land surface during the vegetation season.
EXPERIMENTAL CATCHMENTS AND METHODS
The three experimental catchments lie in the National Park of the Šumava Mts. (Czech Republic). These catchments have very similar macroclimatic conditions, but differ significantly in vegetation cover (Table 1) . Soil cover of the catchments consists of acid brown soil developed on paragneiss. All catchments have a north-facing aspect. The Kout catchment is covered by dead trees and herb undergrowth (Fig. 1) . Originally it was a typical Calamagrostis villosa-rich spruce forest. The height of the herbs is about 40 cm. The dead trees have a height of 5 to 10 m and occur at a density of 200 to 300 per hectare. The Doupě catchment is a clearing of a Calamagrostis villosa-rich spruce forest and is nowadays covered by herbs (Fig. 2) . Trees are virtually absent, and the height of the herbs is about 30 cm. The Stolec catchment consists of an acidophilous mountain spruce-beech forest (Fig. 3) . The majority of trees are older than 140 years (with a height of about 29 m), and around 20 % of the trees are younger than 40 years (with a height of about 6-10 m). Herb height ranges between 10 and 20 cm. The clearing and the area covered with dead trees form small "islands" inside an extensive spruce forest.
Air temperature at heights of 5 and 200 cm above soil surface, and soil temperature at depths of 15, 30 and 60 cm, were measured in every catchment using automated monitoring stations. 
RESULTS AND DISCUSSION
Air temperature at a height of 5 cm above the soil surface in the clearing, dead forest and mature forest in August 2002 is presented in Fig. 4 . On cloudy days (e. g. 12 to 14 August) the midday temperature in the dead forest was about 2 ºC and 9 ºC higher than that in the clearing and mature forest, respectively. The lower temperature in the mature forest can be explained by the fact that it is mainly the tree crowns that are heated by solar radiation. As their distance to the soil surface is about 29 m, the heat emitted by the tree crowns is attenuated markedly during its passage downward. On the other hand the distance between the plant canopy and soil surface is about 30-40 cm in the clearing and dead forest. As a result, the heat emitted by plant cover is less attenuated during its passage to the soil surface, and the air temperature at a height of 5 cm is higher than that in the mature forest. On sunny days (e. g. 18 to 20 August) transpiration was about 4-5 mm per day. The midday air temperature in the dead forest was over 30 ºC whilst in the clearing and mature forest it was about 23-25 ºC and 22 ºC, respectively. This temperature difference (between dead forest on the one hand and the clearing and mature forest on the other hand) is the result of transpiration cooling. Figs. 4 and 5 show the more extreme air temperatures (an increase of the temperature throughout the day and a decrease at night) in the dead forest compared to the clearing. The increase in daily temperature results from the fact that the dead non-transpiring stems are more greatly heated during sunshine than the transpiring plant cover. The heat emitted from the dead stems is the cause of the peak temperature in the midday hours on the days with a large income of solar energy. The drop in the night temperature is the cause of the lower greenhouse effect of the atmosphere. The dead stems cause a drop in the green vegetation area, and therefore, a drop in the total transpiration. The lower total transpiration results in the lower content of vapour in the air. This is the cause of greater emission of heat from the soil surface at night, accompanied by a drop in night temperature. It is obvious from Table 2 that the night-time greenhouse effect attenuates emission of heat from the soil (the attenuation is approximately equal to the difference in air temperature at the height of 5 cm and 200 cm). Fig. 6 demonstrates that the more extreme air temperatures in the dead forest caused the systematic raising of the soil temperature at a depth of 15 cm compared to the clearing and mature forest.
CONCLUSIONS
The following conclusions were obtained by the interpretation of measured data: (1) The daily air temperature of the catchment covered by the dead forest fluctuated more than in the stands covered by clearing or mature forest. (2) The air temperature of catchments covered by mature forest had the smallest daily fluctuations. (3) The more extreme air temperatures in the dead forest caused the systematic raising of the soil temperature at a depth of 15 cm compared to the clearing and mature forest. These conclusions are valid for a cold climatic zone during a vegetation season in which plant transpiration plays a governing role in solar energy dissipation.
These results are consistent with the experimental findings gained in other mountainous catchments in the Czech Republic (Chlebek, Jařabáč 1984 , 1988 , 1994 Hais et al., 2006; Hojdová et al., 2005; Jařabáč, Chlebek 1989; Tesař et al., 2001 Tesař et al., , 2004 .
